Robert Feulgen Prize Lecture 1999. Detection and amplification systems for sensitive, multiple-target DNA and RNA in situ hybridization: looking inside cells with a spectrum of colors.
In situ hybridization (ISH) is a powerful technique for localizing specific nucleic acid sequences (DNA, RNA) in microscopic preparations of tissues, cells, chromosomes, and linear DNA fibers. To date, a wide variety of research and diagnostic applications of ISH have been described, making the technique an integral part of studies concerning gene mapping, gene expression, RNA processing and transport, the three-dimensional organization of the nucleus, tumor genetics, microbial infections, and prenatal diagnosis. In this review, I first describe the ISH procedure in short and then focus on the currently available non-radioactive probe-labeling and cytochemical detection methodologies that are utilized to visualize one or multiple different nucleic acid targets in situ with different colors. Special emphasis is placed on the procedures applying fluorescence and brightfield microscopy, the simultaneous detection of nucleic acids and proteins by combined ISH and immunocytochemistry, and, in addition, on the recent progress that has been made with the introduction of signal amplification procedures to increase the detection sensitivity of ISH. Finally, a comparison of fluorescence, enzyme cytochemical, and colloidal gold silver probe detection systems will be presented, and possible future directions of in situ nucleic acid detection will be discussed.